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INTRODUCTION

Although slope profile analysis is an established technique in physical
geography, it has several potentially important applications in geologic
studies which are only beginning to be recognized. As used in geographic
studies, a slope profile is a line surveyed across the ground surface for
which the angles of short lengths are measured (fig. 1). Slope profile analysis
is the division of the profile into a number of parts, each of which possesses
certain properties of form; the terminology used in discussing the properties
of form in this study is similar to that used by Young (1975, p. 149):

Slope unit--a segment or an element.

Segment--a portion of a slope profile on which the angle remains

approximately constant.

Element--a portion of a slope profile on which the curvature remains

approximately constant.

Curvature--the rate of change of slope angle with distance downslope,

expressed in degrees per 100 meters.

Convexity--positive curvature; downslope increase in angle.

Concavity--negative curvature; downslope decrease in angle.

A Timitation in slope profile analysis is the subjective nature of deciding
whether a convexity or concavity should be considered a smoothly curved element
or a series of rectilinear segments. Strahler (1950), the first to study this
problem, used statistical techniques to analyze the frequency distribution of the
various possible units of the slope profile. More recently, Young (1971)
suggested use of the coefficients of variation of slope angle (Va) and slope
curvature (Vc) to objectively determine slope breaks; table 1 Tists the formulae
necessary for computing these standard statistical coefficients.

Variability of slope angle does not have uniform significance. The effect
of a change in slope angle upon geologic processes is invariably more critical
for small slope angles than for large slope angles. Therefore, the coefficient
of variation, which measures percentage variation, rather than the standard
deviation, which measures relative variation, is employed to determine critical
slope breaks. This is the same reasoning employed by many engineers, who use
percentage grade rather than slope angle in many hydraulic equations.



Figure 1.--Generalized slope profile showing symbols
used in table 1.



Table 1.--Formulae Used!

Parameter Formula
Curvature C, = 200 x 6]" 2
1 K] ﬁ
~ n 1
Curvature Cn = 200 x T i K
n-1
0. -6
1 7i+1
Curvature? C. = 200 x i-
i T2
- _ 148
Mean angle 6 = 57
Mean curvature ¢ = 20
L
Coefficient of variation of v, = 100((((2£6%)/20)-52)2/5)
slope angle
Coefficient of variation of VC = 100((((2£C )/:2)-C )—/C)

slope curvature*:

! From Young (1975).

2 Used for lengths 11, i=2...n-1.

3 if §<2, it is replaced by 2 in the denominator.
“ if C<2, it is replaced by 2 in the denominator.



COMPUTER PROGRAMS FOR PROFILE ANALYSIS

Young (1971) designed a computer program that calculates Va and VC for
each possible combination of contiguous measured lengths. The profile is sub-
divided into a set of best segments and a set of best elements such that Va and
VC do not exceed specified maximum values; where two or more segments or
elements overlap, the overlapping portion is allocated to the longest unit.
Finally, the profile is subdivided into a set of best slope units, which are
determined by calculating both best segments and best elements and choosing
the units that have the Towest coefficienis of variation.

The computer programs SLOPES and FANSEG, modified from the program written
by Young (1971), allow interactive use on the USGS Honeywell Mu]ticsl/ operating

1/Use of brand names in this report is for descriptive purposes only and
does not constitute endorsement by the U.S. Geological Survey.

system and permit graphical presentation of the data. The program SLOPES is
similar to the original program of Young (1971) in that it can be used to

analyze profiles for any data obtained from fieid surveys. In addition to
hilislope studies, this program may be useful in analyzing profiles of fault

. scarps and,thus, be helpful in determining the age of the faulting (Wallace,
1977). The program FANSEG computes profile analyses from topographic map

data by calculating a slope angle for measured distances between contour Tines.
The utility of FANSEG is largely limited by the map scale and contour interval,
and is probably most useful for profile studies of stream gradients, alluvial-fan
segmentation, and other large-scale landform studies.

COMPUTER PROGRAMS SLOPES AND SLOPE DATA

A sample data set for SLOPES is listed in table 2; the data file for SLOPES
is prepared by using the interactive program SLOPE DATA. Profile data should
begin at the base of a slope and proceed upslope. The measured lengths should
be recorded in meters and slope angles, in degrees. Suitable values for the
maximum coefficients of variation are discussed in Young (1975, p. 150-151).
Profile analysis of the sample data set by the program SLOPES is shown in table 3
and fiqures 2-4. The figures are drawn with no vertical exaggeration.



Table 2.--Sample Data Set for SLOPES

Title: Test data for slopes
Maximum Va= 10
Maximum Vc= 25
nmax= 10

n Angle Distance
(degrees) (meters)

1 3.5 5

2 7.0 20

3 10.0 20

4 15.0 20

5 15.5 20

6 16.0 20

7 16.5 20

8 11.0 20

9 8.0 20

10 5.0 20



Table 3.--Sample Output from SLOPES
[n--number of an individual measured length; di--length “n* (weters); a--slope angle of

length "n" (degrees); c--curvature of length “n" (degrees/100 meters); unit--number
of the segment or element to which length "n" is assigned; nuap--the number of Tengths

in the unit; angle--the mean angle of the segment (degrees):

curv--the mean curvature

of the element (degrees/100 meters); cvar--the coefficient of varialion of the unit

(percent))

test data for
flest Rectilin
Maximum Coefiicient of V

n adi

5.0
20.0
20.0
20.0
20.0
20,0
20.0
20.0
20.0

O 00 NS S NN -

10 20.0
test deta for
best curved elements

slopes
ear Segments

a
3.50
7.00
10.00
15.00
15.50
16.00
16.50
11.00

8.00

%.00

slopes

ariation=
4 uni
-28.0C
-20.00
-20.00
-13.75
-2.50
-2.50
12.50
21.25
25.00
i5.00

Maximum Coefficient of Variation=

n di

5.0

206.0

20.0

20.0

- 20.0
2G.0

20.0

20.0

20.0

O 00NN SN

10 20.0
test data for slopes
best sltope

a
3.50
7.00

10.C0

15.00

15.50

16.00

16.50

11.00

- 8.00
5.00

units

maximum coefficient of

-

n di
5.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

DN NS

a
3,50
7.00

10.00

15.00

15.50

16.00

16.50

11.00
£.00
5.00

c uni
~28.0C
-20.00
-20.00

~13.75

-2.50
-2.50
12.50
21.25
15.00
15.00

variations

[ uni
-28.00
-20.00
-20.00
-13.75

-2.50
-2.50
12.50
21.25
15.00
15.00

10.00
t  numd angle
: 3.5000
7.000C0
10,0000
15.7500
15.7530
15.7533
15.7530
11.0000
8.30G00
5.0000

DN NN
e - P I - R - I < R e

O oY

25.00
t  numo engle
0.3030
0.0000
0.30C0
2.03030
0.002C
0.0000
0.0600
0.3020
0.0000

IN S NN PO DN = e s
NN N - N DY B S

segments= 10.C0

t numd angle
0.0002
0.3a00
0.0000

15.7500

15.7500

15.7500

15.7530
0.00230
0.0000
0.0059

WWILAN VNN o = -
(WS R R P O AR A V. RV N

0.0000

curv
0.000G
0.0000
0.0000
0.0000C
¢.00cCo
0. 00C0O
0.0000
0.06C0
0.000¢C
0.o000C0

curv
-18.6923
-18.6923
-18.6923
-18.6923
=-2.500¢C
~2.50C0
12.500C
17.0833
17.0832
17.0833

elements=

cury
-2G.8E89
-20.8889
-20.6b89
0.0000
0.000G0
6.0C00
c.0000
17.0833
17.0833
17.0833

cvear

0.0000
0.0000
0.0000
3.5493
3.5493
3.5493
3,5493
0.0000
0.0000
0.0000

cvar
20.8795
20.8795
20.8795
20.8795
0.0000
0. 0000
0.0000
17.2465
17.2465
17,2465

25,00

cvar
12.0359
12.0359
12.0359
3.5493
3.5493
3.5493
3.5493
17,2465
17,2465
17,2465



"$3407TS we4bodd ‘ejep ajdues jo sisAleue sjusuwbss 3ssg 40 3ndino dwod|e)---g dunbL4

SH3L3N
0C 0081 0°0381 0°0v1 0-021 0°001 0°08 0°09 0°0% 0-02 0°0
1 1 1 1 1 1 L i i " »wr.nU
P
o
- S
o=
M
—3
m
" | i
3
SIN3W93S 1539 3
o
-o
o
SY3LIN
34 0°081 0°081 00yl 0-g2t 0°007 0°08 0°08 0°0% 0°02 00
L ! 1 i i 1 I ' i v_m.o
o
.
O
. o=
m
—3
M
0
N w
3714044 3d407S . o
[es]
-9
o

€740 UISSI0  NOLIS3Y/CUSN STAMOYT 84/61/80 Idd LOW #°1001 i 1074




"$3d07S wesboad “ejep sldwes 4o SisA|eue Sjuswa|j 1S9g 40 Ind3no dwod|e)---¢ unbLy

SY3I3W
¢ .0-081 0°081 0 0%1 0°021 0°001 o.mm o.ww 0°0% 0°02 00
sl ! i 1 | J i .
(o)
o
L5
SIN3W3N3 1639 o
n
-9
o
SY3ILIN
0Z 07081 0°091 0°0¥%1 0°021 0°001 008 0°09 0°0% 0°02 00
J i nl I | L ! i i ] o o
o
128
-5
o
m
I71.408d 340718 o
[#2]
-5
o
£7LA USSSI0  NOISRU/SISN  STAHOMT 84/81/80 ¥4 1GW 0°¥001

SY3IL3W

SY3L3N




.

S34071S wedboud “erep ajcwes Jo sisA|eue-situn ado|S 3sag 40 3ndino dwod{e)--‘y dunbig

- . SY3IL3IW _
¢ 0°081 0°031 0°0%1 0021 0°001 0°08 0°08 9°0% 0°02 00
! ] i 1 1 1 1 ! 1 \ur.lo
P
[ )
O
o =
_ )
™M
\ 2
. w
SLINN 3407S 1s34 . ~ o
LS
o
Sy3LIN
wm [spEeicht o.mmﬁ 0°0%1 o.o_ﬁ 0°001 0°08. 0°0S 0-0v 6°02 G G
! 1 H 1 ' 1 1 1
I o
o
1 29]
o
o=
M
—
M
2
. w
371 40%d 3d01S -2
LS
o

§£°A \JSSI0 NOLS3Y/SUSN SIABQNr 62/81/80 ¥4 LG4 176001 £ 4




COMPUTER PROGRAMS FANSEG AND FANSEG DATA

A sample data set for FANSEG is listed in table 4; the data file for FANSEG
is prepared by using the interactive program FANSEG DATA. Profile data should
begin at the base of a slope and proceed upslope. Because most topographic maps
in the United States are still published with contour intervals in English units,
both the measured lengths and the contour intervals should be recorded in feet.
However, for consistency with published data, curvature isstill calculated by
the program in units of degrees per 100 meters. Profile analysis of the sample
data set by FANSEG is shown in table 5 and figures 5-7. The column headings
are the same as those for output from SLOPES, except that "mpdi" is the length,
in feet, of a measured distance between two contour lines. The graphical
output from FANSEG has 10X vertical exaggeration.

EXECUTING THE PROGRAMS ON MULTICS
For USGS Multics users to execute one of the programs, it is necessary to
first establish a link by typing the appropriate command:
1k > udd > Lithium > JRDavis > profile dir > slopes

or
1k > udd > Lithium > JRDavis > profile_dir > slope_data
or
1k > udd > Lithium > JRDavis > profile dir > fanseg
or

1k > udd > Lithium > JRDavis > profile dir > fanseg data
The user can then create a data file by executing either SLOPE DATA or FANSEG_DATA
by typing the appropriate program name in lower case letters. These programs
allow the user to enter and edit the profile data required by the main programs
SLOPES and FANSEG; they then ask the user for a file name; this file name is the
segment name where the program output will be stored for use as input by the main
programs.

After creating a data file with either SLOPE_DATA or FANSEG_DATA, it is
necessary to issue two commands concerning the graphical output prior to running
either SLOPES or FANSEG. First, since ISSCO Disspla System Graphics commands
were used in the program, it is necessary to add the Disspla package to the
user's search rules by typing:

asr > iml > disspla -after working dir

10



Table 4.--Sample Data Set for FANSEG

Title: Test data for fanseg
Maximum Vo= 10
Ma ximum VC= 25
nmax= 10

=

Contour interval Map distance

(feet) (feet)
1 10 650
2 10 600
3 10 400
4 20 300
5 20 250
6 20 250
7 20 300
8 20 400
9 20 500
10 20 600

11



Table S.--Sample Outnut from FANSLG

[n--nunmber of an individual measured Yengih: mopdi--lenoth, in feet, of a measured distance

between two contour lines; a--slope anale of length "n" (degrees): c--curvature of
Yength "n" (degrees/190 meters): unit--number of the segment or element to which
length “n" is assigned; nump--the number of lengths in the unit; angle--the mean
angle of the segment (degrecs); curv--the mean curvature of the element (degrees/100
meters); cvar--the cocefficient of variation of the unit (percent)]

test data for f{anceqg
Best Rectilincar Segments

Maximunm Cocfficient of Variation= 10.00
n LAPYo R a c unit nump anqle cury cvar
1 650.0 0.88 -0.04 1., 2 0.9167 0.0C00 1.8345
2 600, 0 .95 -0.16 1 2 0.9167 0.0000 1.8345
3 400.0 1.63 -1.10 2 1 1.46321 0.0000 0.0000
4 300.0 3.81 -1.65 3 4 4,1595 0.0000 2.0961
5 250.0 4,57 -0.47 3 4 4,1595 0.0G00 9.09¢61
6 250.0 4,57 0.47 3 4 4,1595 0.0004 9.0961
7 300.0 3.81 0.9%90 3 4 4.1595 0.000D 9.0961
8 400.0 2.86 0.62 4 1 2.8024 0.00090 0.G000
9 50C.0 2.29 L0.31 5 2 2.08¢25 0.0000 9.1205
10 600.0 'M.91 T0.23 "5 2 2.0825 0.0000 9.1205
test data {for fanseg
best curved elements
Flaximum Coeff{icient of variation= 25.00
n mpdi a c unit  nump angle curv cvar
1 650.0 0.88 -0.04 1 3 0.0000 -0.3411 21.7289
2 690.0 0.95 -0.16 1 3 C.0000 -0.3411 21.7289
3 400.0 1.43 -1.10 1 3 0.03049 -0.3411 21,7289
A 300.0 .81 Co=1.65 2 1 0.06000 -1.6493 0.0000
5 ~250.0 4,57 ~0.47 3 1 0.0000 -0.4748 . 06.0000
6 250.0 4,57 0.47 4 5 0.009D 0.6542 11.6753
7 300.0 3.81 0.90 4 5 0.00600 0.4542 11.6753
8 400.0 2.86 D.62 4 5 0.02720 0.4542 11.6753
9 500.0 L 2.29 0.31 4 5 0.0000 0.6542 11.6753
10 600.0 1.91 0.23 4 5 0.0300 0.464542 11.6753
test data for fansey
best slope units
maximum coefficient of veriationr, segments= 10.90 elements= 25.00
n mpdi a c unit  nunp angle curv cvar
1 650.0 0.88 -0.0¢4 1 3 0.00090 ~0.3411 21.7289
2 600.0 0.95 -0.16 1 3 0:0000 -0.3411 21.7239
3 400.0 1.43 -1.10 1 3 0.0320 ~-0.3411 21.7289
4 300.0 3.81 ~-1.65 2 2 64,1595 0.0C00 9.0961
5 250.0 4,57 -0.47 2 2 4.1595 0.0600 9.0961
6 250.90 4,57 0.47 3 5 0.0000 0.4542 11.6753
7 300.0 2.81 0.90 3 S 06.0323 0.4542 11.6753
8 400.0 2.86 0.62 3 b 0.02090 0.4542 11,6753
9 500,0 2.29 0.31 3 S 0.0029 0.4542 11.6753
10 600.0 1.91 0.23 3 5 0.0000 0.64542 11,6753

-~
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If a display terminal compatible with the USGS Tektronix software package is
to be used, set the band rate at 1200 and type:

Setup_tektronix tcs
Otherwise, a Calcomp plot can be obtained by typing:

setup calcomp
The system operator will then respond with a message notifying the user of
the tape number being used, which is necessary for the "poi" plot request.

The main programs can then be run by typing "slopes" or "fanseg." The programs
ask the user for the name of the data file created by either SLOPE_DATA or
FANSEG_DATA and then ask for the name of an output file; this should be the
segment name that identifies where the output for the printed tables will be
stored. The program FANSEG also asks for the elevation of the starting point at
the base of the slope, which is used to label the vertical scale of the graphical
output. If only relative distances are needed, zero can be entered for this
parameter.

The tabular output consists of three parts: best segments, best elements,
and best slope units (tables 3 and 5). In addition to having this data stored
in an output segment, the user has the option of having each part displayed at
the terminal and cf creating plotting vectors for each part. If Calcomp plots

are desired, the user submits a request to have the data plotted by typing: poi.
V This command executes an interactive program which allows the user to submit the
plot tape for plotting.

SOURCE CODE FOR SLOPES
The source code for SLOPES is listed below. In addition to the variables
discussed previously as column headings of the output, the following variables
are used: '
cvmxa ~ maximum coefficient of variation of angle
cvmxc - maximum coefficient of variation of curvature

cvar - coefficient of variation of a length calculated by subroutine values
nmax - total number of lengths measured

xdis - array for the horizontal component of each measured length

ydis - array for the vertical component of each measured length

xfaray - array for the horizontal location of each length

yfaray - array for the vertical location of each length

xaray - array for the horizontal location of each slope unit

yaray - array for the vertical location of each slope unit
16



c
¢
c
c
c

2

4

6

ic

20

23

24
c
¢
c

program slopes

dimension n(250),dist(250),a(250)snitest(250),ip(250),ymax{250),
Enseg(250) snump(250),initest(250),curv(250),dd(250),da(250) ramean(
£250),cmean(250) ,set(250) acvar(25C) 43 (250) »unit(253) sxmax (250},
Exaray(250),yaray(250),xfaray(250),yfaray(250),tstaray(250).,
Exdis(250) ,yuis(250)

character namesejz%«8)

external bgnplidescriptors),calcmp(descriptors),title(descriptors)
external messag(descriptors),grapgh(descriptors),curve(descriotors)
externel marker(descriptors).,physor(descriptors),endgr(descriptors)
external endpl(descriptors) . ,donepl(descripiors).tk120(descriptors)
character nameout«8(0

character titl=8)

input

open(G,prompt=.true.)

continue

write(0,4)

forrmat("What is the name of the data file?')
read(U,6)namesey

format(ak)
open(l,file=namesegr,form=*formatted'smodex'in')
read(1,680)titl

read(1,690)cvmxa

read(1.,700)cvmxc

read(1,710,end=5703)nmax

iflnmax)20,670,20

read(1,720) (n¢idraCi),diCi),ri=1snmax)

close()

write(0,23)

format("What nane for the output file?")
read(0,24)nameout

format(agl)
open(20,file=nancout,form='formattecd® »rmode='out')

compute plotting ccordinates

30

do 30 i=1,nmax
ydis(i)=(sin(a(i)/59.2958))«*di(1i)
xdis(id=(cos(a(i)/59.,2958))*ai (i)
continue

ymax(1) = ydis(1)

xmax(1) = xdis(1)

do 25 i=2,nmayx
ymax(id=ydis{i)+tymax(i-1)
xmax{(i1)=xdis(iY+xnax(i=-1)

17



25

46

50

60

7C

&0
GG

100

110G
120
130

140
150

continue

xfirst=0.0

yfirst=0.0

xfinal=xmax{(nnax)
xfaray(i1)=xfirst
yfaray(id=yfirst

do &40 i=2,nmraxtl
xfaray(id=xfaray(i~1)+xcis(i-1)
yfaray(id=yfaray(i-1)+ycis(i-1>
continue

compute curv(i)

curv(1)=200+((a(1)-a(2))/ (di(1)+di(2)))
curvinmax)=200«((alnmax=-1)~a(nmax))/(di(nmax-1)+di(nmax)))
icount=nmax-1

do50 i=2,3icount
curv(i1)=200*C¢Ca(i=-1r~a(i+1))/Ldi(i=-1)+2%xd1(1)+di(1+1)))
continue

nrrnasi

go to 90C

nernd=2

go to 90

nrnd=3

continue

set variables to zero

indsg=1

do10C 1=1,nmax
nitest(i)=0 -
amean(i)=0,0
cmean(i1)=0.0
dist(i)=0.0
acvar(i)=100D0.
continue

obtain all combinations in turn

do370 j=1,nmax
if(nitest(33)373,120,370
nc lLk=1

jcount=nmax-j+1

do320 k=1,jcount

1 f{nrnd-2)150,1703,140
iflnclk-1)170,150,170
dJo16C 1=1,nmax
set(id=a (i)

18



160 continue
agao to 19C

170 do1&0 1=1,nmax
set(id=curv (i)

nclk=?
180 continue
19C continue

do?200 1i=Tsk
inttest(id=nitest(i+j-1)
dd(i)=gi{i+i~-13
dal{i)=set (it+3-1)
200 convinue
call values(initests,daderedarkrsintsmnesumdsvmeanecvar)
test parameters of combination

iflintsm)330,213,330
21( if(nc‘ak—’l)22{3,223;230

220 CVIMXTCYMAa
go to 240
230 CVYPRMXECVRXC
24C if(evar-cvrmx)253.,250,330
250 kcount=j+k-1

do27/0 is3eshcount

if(sumnd-dist(i1))320,263,270C
260 if{(cvar-acvar(i))e70,320,320
270 continue

allocate new values

lecount=j+k-1

do3i0 i=jrlcount

nseg(i)=indsg

nump(i)=k

dist{i)=sumd

acvar{id=cvar

iflnrnd=-2>2%20,%202,280
280 ifCnalk=1)290,2%3,3C0
290 amean(i)=vmean

cmean(1)=0.0

go to 310

300 cmean(i)=vmean
amean(i1)=0.0
310 continue
indsa=indsgtl
320 continue

33 11 (nrnd=23Y370,373,3%340
340 1f(rnelk=1)373,353,370
350 ncik=/?
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37C

IN A
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[onien)

400
410
420
430

440

450

460

470
480

49C

500

5106

520

go to 130
continue
continue

test to see if segments cut short

do4b0 j=T,nmax

1 (3-1)330.270,330
i1(nseg(jr~nseyg(j~132290,4680,390
continue

it (nitest (j)~13400,4580,400
ifinseg(j)-nseg(J+nump(J)=1)3410,460,410
nn=1
it(nseg(j)-nseg(j+nump(3)-1-nn))430,440,430
nn=nn-+]

go to 420

kk=nump(j)=-nn

mcount=j+hk-1

dotSC 1=jesmcount

nitest(i)=_

amean{(1)y=0.0

cmean{i)=0.1

dist(i)=0."

acvar(i1)=1000

continue

go to 4&0

ncount=yysnunp(j)=~1

do470 i jsncount

nitest(i)=]

continue

continue

test if all points allocated

ntsum=0

do4é9d i=lr,nmax
ntsumn=ntsum+nitest (i)
continue
tf{ntsum-nmax)110,500,500

renumber units

vadd=1

doS530 j=2s,nmax
1ifinseg(jl-nsey(j=-132520,510,520
nseg(j~-1)=nadd

go to 530

nseali=1)=nadd

20



00

nadd=nadd+1
530 continue
nseg(nmax)=nadd

print results

Wi itel20,6800 83t
1 {nrng-2)S540,550,567
540 write (20,7300
urite{d0,750)cvrxa
go to 570
550 write(20,740)
write(20,750)cvnxc
gyo to 570
560 write(20,760)
write(20,770)cvmrxarcvmxc
5706 continue
writel{20,780)
doS&ED 1=Tenmay
write (20,790 n i) ,diCidsaCidrcurv(idenseg(i)snump(idranean(il,
Ecmean(i)sacvar (1)

550 continue
1f(nrnd~2c)611,012-613%

611 write(Q.615)

615 fermat (Do you «ish to see the best segments? 0=noe 1=yes")
reecd(0,620)itest?
1fitest2)r0a70e590

61¢ write(C,016)

616 formet("do you wish to see the best elements? O=nos 1=zyes")

read (0s,620Yitest3
if(itest3YE0,803,59)
613 write(0,617)
617 format{("Do you Wish tc see the best slope units? 0=no, 1=yes")
read(0,620)itesth
if(itesté)o?0,070,590
59C continue

print best segments on ttly

write(Q,680)t1tL
if(nrnd=-2)591,522,5903

591 writell,730)
writef0r,750)cvaxa
yotoS74

562 write(Q,740)
write(l,750 cvmxe
go te 594

593 writol,76n)
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write((,770)cvaxarcvmxc

594 continue
write(0,780C)
do 60C 1i=tsnnax
write(0,7900n(i),diCidsa(idacurv(idenseg(id),nump(ideranean(id,
fbemean(id)sacvar (i)

&00 continue

plotting rcoutine

write((,610)

61C format("bo you want a Disspla plot? O=noces T=yes'™)
read(0,620)1test

620 format(v)
if (itest) 670,670,630

630 nxplt=riseg(nmax)
xaray(1)=z=xfaray(1)
yvaray{(l1)=ytaray(1)
1icount =2
ao 650 1=%.nmax
tstaray(iYsnsegl{1)-nseg(i+1)
1f (tstarav(i)) 545,650,646

6465 yaray{iiconuntduxtfaray (i+1)
yaray(iicountl)=yfaray (i+1)}
ticount=iicrunt+l

566 yaray(nxpit+i)=xfaray(nmax+1)
yaray{nxplt+id=yfaray(nrax+1)
650 continue

xrnd=xfinal/25.
xtast=((aint(xrnd))+1)%25,
xinc=xlast/10.
yfinal=xlastx,3
yinc=yfinal/3,

dissvla commands

call bgnpl(=1)
write(D,651)
651 format(“iwhat kind of plot? Tektronix=0, Calcomp=1")
read(G,620)1test?
1f(itest?7)653,L53,5658
653 continue
call tk120
go to 659

65t continue
call calemp (153
659 continue

call physor(l,..,1.)
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call title(' ',=1,"meters's6r'meters' »6,10.+3.)
1finrnd=2)Y655,550,6065
655 call messayg(*best segments$',100,3.,2.)

go to 676
660 call messag('best elementst',100,3.,2.)

go to 676
665 call messag('vest slope units$®,100,3.,2.)
676 continue

call vraph(O.,xinc,G.ryinc)

call marker(n)’

call curve(raraysyarayenxplt+i,1)

call endgr (1)

call physor(l.,5.)

call title(' *',~1,'meters’',b6rstmeters! ,6,10.,3.)
call messag('slope profile$',100,3.,2.)
call graph(0.,xinc,Jdesryinc)

call marker (&)

call curve(rfaraysyfarayenmax+l1,1)

catl endgr(2)

call endpl(-nrnd)

670 continue
. if{nrnd=-2)70,83,675
A7S continue

680 format (a&kl)
650 {ermat(v)
700 format(v)
710 format(v)
720 format(v)

730 format("Best Rectilinear Segments')

740 format(lh ,21h best curved elements//)

750 format (" Maxinun Coefticient of Variationz",f7,.2)

76C format(1h ,17h 2est slope units//)

770 format(lh +~44h maximum coefficient of variation, segnents=f7.2,
&15h elemnents=f7.,2/7>

78C format (" n di a C unit  nump angle
4 cury cvar'™)

790 format{lh »s32sxsf8eloxref8.2rxrT8e2sxe1boxri3s3x,1T9.4,3
8x:f9.4;4x;f9.4)
closed()
write(0,800)
close (20D
&§0C format(”Do you want to run the procram again? 0=no, 1=yes’)
read(0,810)1itest?
810 format(v)
ifCitest1)820,820.,2
820 continue
call donepl
end



subroutine values(nitest,fr,x,msintsmssumdsvmeanscvar)
dimension nitest(m),f(m)r,x(m)
intsm=0 ‘
sum1=0.0
sum2=0.0
sum3=0.0
dol10 i=1,m
intsm=intemtnitest (1)
sumi=suml+f (i)
sumZ=sunl+fCi)«x (i)
sum3=sum3+f(i)rx (i) *x*x2
16 continue
sumd=suml
vmean=suml/sumnl
1f(m=1220,60,20
20 1f(sum3/suml=(sum2/suml)*x*2)60,30,30
30 ifCabs(sum2/sum1)=2)50,40,40
4 cvar=agbs (1004 ((sgrt(sun3/suml-(sum2/sumid*«*x2))/(sum2/suml)))

go to 70

5C cvar=abs(100*x((sgqrt(sumd/suml=-Csuml/sumid*x2))/2))
gyo to 7¢(

60 cvar=0.0

7C return
end
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SOURCE (ODE FOR SLOPE_DATA
The source code for SLOPE_DATA is listed below. Variaoslz2 nanes are the

same as for the program SLOPES.

c This program writes data files for *x«SLOPESH 4«

dimens ion n(z250),a(250) ,d1(250)
charscter titlx80

cheracter nameseg*3d0
open(Qs,promat =,true.)

1C continue
write(0,20)
20 format ("Do you want to enter or edit data? O=enter, 1=zedit')
read(0,30)1itest
30 format (v)
1fCitest1)i0,40,180
40 continue
write (Hs690)
60 format ("input titlc')

read(d-120)t4tL
writte(l,6%)

65 format("Data should oegin at the base of the slope™
wititef0,70)
7G format ("input cvmxa--maximum coefficient of variation--angle")

read(-12%)cvrxa
writel{G,80)
g0 format ("input cvmxc--maxe. coef. of variation--curvature')
read(0,140)cvnxe
write (0,90)
90 format ("input nmax--total number of measurements")
read(0,150)nmax
write(0,100)
100 format ("input ns, angles measured distance')
do. 110 i=1+nmax
read(0,1603n0i),a0idran ()

11C continue
120 format (a8
130 format (v)
140 format (v)
150 format (v
160 format (v)
170 gc to 205
180 continue

edit mode
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write(0,190)

190 format ("Type file name')
reaa(0,20M) naneseq
200 format (a&0)

open{(7,file=nanesegsform=*formatted'smode='in')
read{7,120)titl

read(7,130)cvmxa

read(7,740)cvmxc

read(7150)n1ax
read(7.160)(n(id),ai),sdii)si=Tenmax)

close(?)
205 continue
write(0,210)
210 format ("do you wish to review the data? 0O=ncs, 1=yes')
read(0,220)itzst?
220 format (v)
1flitest2)205,243,230
230 continue

write(0,1200t1¢l
wirite(D,130)cvmxa

write (0,7403)cvaxe
writel{Ds,150)nnax

do 240 1=T,nmax

write (0160)nCi),aCidrdi (1)

24 continue
write(0,241)
241 formal ("Uo you wish to change the title? 0O=nor, 1=yzs'")

read{0,300)1test?
if {(1test3)242,2530,250

250 write(0,260)
260 format ("input new titite')
read(D,270) titt
27l format (a8
280 continue
wirite (0,290)
290 format("do yous wish to change cvmxa? 0=no, 1=yes")

rcad((0.,300)itestd

300 format (v)
11 (itestd)2B8L,340,310
310 continue
write(0,320)cvnxa
320 format ("input new cvmuxasr old=",17.2)
read((,330)¢cvnxa
330 format (v)
340 continue
write(0,350)
350 fermat ("do you want to change cvmxc? O=nos,1=yes")
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380

300
400

4G
L2C

430

48U
490
500
510

520

read(0,360)it2s¢t5
format (v)
if(itest5)343,400,373
continue
write(0,383)cvmxc
format ("input new cvnx
recal0+390)cvuxc
format (v)

continue

write (0,410)

format{"do you wish to change nmax?

read(0,420)itestd
format (v)
1f(itest6)43T,660,433
continue
write(0D,440)nnax
format ("input new nmax
read(0,450)nmax

format (v)

continue

write (0,470)

format ("do you wish to
read{0,489)itest?
format (v)

1 fitest?)460,540,490
continue

write (0,500)
format{"which line do
read{0,510)iitest
format (v)

cr old=",17.2)

r old=",f6.1)

change a

0=znos, 1=yes")

line of data? O0=10,

you want to change, n=?")

write((,52CYn(iitest)raliitest)sdiliitest)
old values were”,i2,218,3)
read(0,530)n{iitest)raliitest),di(iitest)

format ("inputl nesasrdis

format (v)
ao to 460
continue
write(0,550)

format ("what {ile name do you wish

resd(d,322)naneseq
{format (a&y)
continue

output to segwent = namne

open(Z2i,file=naneseqg,
write(20,120)t13tt
write(20,130)cvmxa
write(20,140)cvmxc

sey

£

form="'"{

27

ormatted’®,

for this data?™)

modez='out')

1=yes")



600

wurite{20,153)nnax
de 570 i=1.nmax

write{20,7160) (i) ,a(3),dili)

continue

close{20)

wrive ((0,5820)

format ("do vou wish to
recd(0,590)1test20
format (v)

it (itest20)570.,500,10
continue

end

call another

28

file?

0=nos

1zyes')



SOJRCE CODE FOR FANSEG ’
The source code for TANSEG is listed below. In addition to the variable
names previously discusseds the foltowing variables are used:
ol ~array for the length of the measured distances converted to meters,
theta -array for the tangent of the stope angle of a measured length,

ctour -array for the contour interval, in feet, along a measured length,

c program fanseg

dimension n(253),dist(250),2(250),nitest(250),ctour(253),41(250) .,
E€nseg(250) »nump(250) sinitest (250) »curv(250),dd(250),d3(25)0) amean(
§E25M scmwean(253),s5et (250) racvar (250, mpdi(250),theta(25),unit(250),
Sxaray(250),yaray(250),xfaray(250),yfaray(250),tstaray(250).,
$xais(250) ,ydis(253)

real theta

real mpdi

externsl bgnpl{descriptors)scatemp(descriptors)s,title{descriotors)

external messag(descriptorsl)s,yraph(descriptors)s,curve(dzscriotors)

externa2l marker(descriptors),physor(descriptors),endgr(descriptors)

external endpl(descriptors),donepl(descriptors),tki120(descrintors)

character nameseygx30

character namecut*3J

character titl*%0

<
c input
c
open(Qsprompt=,true.)
10 contirue
write(D,20)
20 format("that is the name of the data file?")

4

read{l,30)Ynameseg

30 tormat(ac()
open(lsfileznanesegrform=*formatted'smode="int')
read(1,760)t1¢l
read(1,7%90)cvmxa
reacd(1,8C0Ycvmxc

40 read(1,810s,end=770)nmax
1f(nmax) 50,770,530

5C read(1,820)(nC1)sctour(id) ,mpdiCidsi=T,nmax)
close(1)
write(Q,6m

e format("what nane for the output file?")
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read(C.7C)namenut
70 format(a&0)
open(20,file=naneout,form="formatted! »mode="'out")

compute slope angle

dol1l0 i=1,nmax
1 fCctour(i))80,50,80

2 thetal{id=ctour{i)/mwpdi (i)
alid={atan(thetz(1)))*5/7,2958
go to 100
90 aCi)=0,0
100 continue

compute plotting coordinates

vwrite (0,110
110 format(“Enter elevation of beginning point")
read{(0,120)y7irst
120 format(v)
dgo 130 i=1snnax
13¢( continue
xfirst=0.0
xftaray{ii=xfirst
yfaray(ili=yfirst
do 1460 1=2,nnaxt
xfarey(id=xfarey(i=1)+mpdi(i-1)
yfaray(1)=syfaray(i=1)+ctour(i-1)
14C coniinue
xfinel=xfaray(nnax+1)

convert map distance to meters

do 145 i=lennax
dgi(id=mpdi(i)x.3048
145 continue

compute curv (i)

curv(M=200*((a(1)=-a(2)>/(di(1)+di(2)))
curvinmax)=200*((alnmax-1)=-alnmax))/(di(nmax=1)+di(amax)))
icount=nmax-1
do150 1=2,1count
curv(i)=200*%((a(i=-1)=a(1+1))/(ci(i-1)4+2+di(id)+di(i+1)))
15¢C continue
160 nrnd=1
go to 190
170 nrnd=2
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O 000

a0 0n

O o 000

18C
190

2006

270

220
230

)N
O
[aniien]

300

go to 150
nrnd=3
continue

set

variables to zero

indsy=1
de209 i=1snmax

ni

test(i)=0

amean(i)=0.0
cmean{(i1)=0,0

di

s1(i)=0.0

acvar(i)=10093.
continue

obta

i
nc

in all combinations in turn

do¢70 i1=1,nmax
et (j))6ri,220,470

(nit
L =1

jecount=nmax=j+1
do42) k=1,3count
(rend=2)250,270,240
(e lx=13270,250.270
dodod i=isnmax
setfi1d=a (i)
continue

i¢

if

go

to 290

do230 1=1,nmax
set{(id=curv(i)

nc

Lks?

conftinue
cecntinue
do300 1=1,k
inttest(id=nitest(i+j=-1)
dg(ir=dii+ji-1)

da

(id=set(i+j-1)

continue

call values(initestr,udrsodrskesintsmesumdsvmeanescvar)

test

parameters of

comoination
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310
320

330
340
350

360
376

380
390

400
410
420
430
440

450

€0
470

480
490

500
510

al

te

iflintsm)é30,313,430
1f(nclk=-1)320,322,330
cvrmx=cvmxa

go to 340

CVrmXTcvmxce
iflcvar~cvrme)352,350,63N
kcount=j+k-1

do270 i=3s.kcount

Pf{sumd- dist(i))420+360,370
ifCevar-acvar(i))370,420,4720
continue

locate new values

lcount=j+k-1

do410 i=3,1chunt
nseg(iY=indsg
nuep(i)=k
gist(i)=sumd
acvar{i)=cvar

i nendg-233%0,4303,380
iflnclk=1)390,320-400
amean(i)=vmean
cmean(il)=0,0

go to 41C
crnean (i) =vmean
amean(1)=0.0

continue
indsg=indsgt
continue
1flnrnd=-2)470,473,440
T flnctk=1)470,450,470
nclk=2

ao to 230

continue

continue

st tc see if segments cut short

do5860 j=1,nmax
1f(j=1)480,490,480
it(nseg(})-nseg(j=-1))490,580,460
continue
if(nitest(3)=-13502,530,500

if(nseg(j)-nseg(j+tnump(ji=1)2510,560,510

nn=1
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[ el

520
530

540

550

560

S7(
50

590

600

610
620

630G

640

450

iflnseg(j)-nseyg(j+nunp(j)=-1-nn))530,540,530

nn=nn+1

go to 5¢0
kk=nump (j)=nn
mcount=j+tkk-1

do 55D '§=jme0Uht
nitcst{i1;=0
ameanf1) =30
cmeen(id)=0.0
dist{i)»=0.0
acvar(i)=1000
continue

go to 5380
ncount=jinump(j)~1
doS570 i=jsncount
nitest(i)=1
continue
continue :

test to see if all points are

ntsum=(

doS%25 i-tsnmax
ntsurm=ntsumtnitest (i)
continue

if(ntsum~rmax) 210,600,600

renumter units

nadd=1
co630 j=2,nmax

allocated

1f(nseg())~nseqg(j-1))620,610,62C

nseg(j~1)=nadd
go to 63C
nseqg(j-1)=nadd
nadd=nadd+?
continue
nseg{nmax)=nadd

print results

write(20,780)titl
ifinrnd=-2Y640,052,66)
write(23,830)
Wwrite(20,850)cvnxa

go to 670

write(2(‘),8/.0)
write(20,850)cvmxc
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go to 670
660 write(20,860)
write(20,870)Y¢cvnxarscvaxc
670 continue
Wwrite(20.880)
dobd i=lsnmax
Wwrite (20,890 nCi),andi(id,atidscurviidensegids,nump(idsamean(id,
SCcmean{idsacvar (i)

680 continue
1flnrnd=2)Y711.,712,713%
711 continue
write(d,715)

715 format("Do you wish to see the best segments? O0O=no, T1=yes™)
read{(G,720)itest? '
1f(itest2Y170,173,690

712 continue
write(0,716)
71¢ formal("Do yeu wish'to see - the best elements? O=no, 1=yes")

read(0,720)1test?

f (1test3)180,152,690

centinue

write(0,717)

717 format("bo you wish to see the best slone units? 0O=no, 1=yes')
read(0,720)itestd
if (itestd) 770,770,690

696 continue

-~
-
(2]

-t

nrint best segments on tty

write(0,780)t1tl
1f (nrnd=2)-691,692,693
691 write(D,330)
write(D,850)cvmixa
go to 0694
692 write (0,840)
write(O.,850)cvmxc
¢o to 0%¢
693 write((0,8&60)
write((0,870)cvmxarscvxme
69¢ continue .
write(2,.880)
do 700 i=1,nmax
write(0,890n(i),npdiCidsalidscurv(idenseg(id,nump(idramean(i),
scrwean(i),acvar(i)
700 continue

compute plotting scales
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a0 0

710
?2(!

730

745

746

750

751

753
754

756
759

760

765

?7¢

write(D,7106)

format("do you want a disspl
read(0,720)1test

format(v)

if (itest) 770,770,730
nxpltsnseg(nmax)
yaray(l)=xiaray (1)
yaray(1)=yfaray(1)

irnd=aint ((yfaray(nmax+i)-yf
ylast=(irnd+1)x30,
ystep=ylast/3.
xstepTystep*1].

iicount=2

do 750 1=1,nmax
tstaray(id=nsey(il-nseg(i+1)
if (tstaray(id))7?45,750,746
xaray(iicount)=xfaray(i1+1)
yaray(iicountd)=yfaray(i+1)
ifcount =iicount + 1
xoray{nxplt+l)=xfaray(nmax+1
yaray(nxplt+D=yfaray(nmax+1)

continue

call plotting routine

call bgnpl(-1)
write(G,751)

a plot? 0=nos, 1=yes"™)

irst)/30.)

)

format("tektroni» = 0, calcomp =1")

read(Q,720)itest?
1f(i1test7?)753,753,758
write((0,754)

format("set baud rate at 1200 cps")

call tk120

go to 759

call calcecmp(16)

continue

call physor(l.,10

call title(' *,=1,"feet',4,"
Fflnrnd=2)755,75),765
continue

catl messaaq(’best segments,
go tc 776

continue

call messsag('o2st elencnts,
go to 776

continue

caltl messag('oest units, ve=s

centinue

feet',4,10,,3.)

ve=10x%',100,71.5,2.5)

ve=10x%',100,1.5,2.5)

10)(%"100’1.5’205)



770

775
78

76C
8CC
81C
820
&30
8B40
850
&60
370

880

890

P00
910

920

call graph(O.,xstepsyfirstsystep)

call marker (8)

call curve(xaraysyarayrnxplt+i,i)

call endgr(1)

catl physor(1.,5.)

call title(® Y,-1,"feet'sb,"feet',4,10,.+3.)

cati messaqg (*fan profiles, ve=10x9',100, 1.5+2.5)
call greph(O.sxstepsyfirsteystep)

call marker (4)

call curve(xfaraysyfaraysnmnaxtl,i)

call endgr(2) ’

call endpl(-nrnd)

continue

iflnrnd=-2)170,130.775

continue

format(a80)

format(v)

format(v) .

format(v)

format(v)

format{("Best Rectilinear Segments')

format(lh ,2%h osest curved elements//)

format (" Maximum Coefficient of Variation=",f7.2)
format(lh »17h sest slope units//)

format(lh ,44h maximum coefficient of variation, segments=f7.2,
&15h elenents=f7.2//7)

format (" n npdi a c unit nump angle
& ©oocury cvar’) :

format{Th +13,xsf8e 1o xei8e2s%xef8.2sxribexeiBdobxsfP.6,3
&XIf9.4f2Xff9.4)

close(1)

write(3,900)

close(20)

format{"Do you want to run the program again? 0=nor 1=yes’)
read(0,910)Yitest1

fermat(v)

if(itest1)920,920,10

continue

call donepl

end

subroutine valuzs(nitest,foexemsintsmssundsvmeanscvar)
dimension nitest{am),f(n),x(m)

intem=0

sumi=C.0

sure=0.0

sum3=0,2

do10 1=1,m

intsm=intsm+nitest (i)
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sumi=sumi+f (i)
sumZ=sum’+f (1) *xx (1)
sumd=sum3+f (i) xx (1) #%2
10 continue
sumd=suml
vmeanTsume/sumnl
1f(m=-1)20,60,20
20 1f(sumd/sumt=(sund/sunt)*x223605,20,30
30 i{Cabs(sum2/suni)=2)50,40,40
LG cvar=gbhs (100*({(sqrt{sum3/suml=-Csuml/suml)**2))/(sum2/sumi)))

go to 70

S0 cvar=abs (100*((sgrt(sund/suml=-(sum2/sumi)**x2))/2))
go to 70

60 cvar=0.0

70 return
end
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Th

as th

10

20

4G

60

65

70

86

90

100

110
120
130
140
150
160
170
1806

SOURCE CODE FOR FANSEG_DATA

e source code for FANSEG_DATA is listed below. Variable names are

ose for FANSEG,

This program uwrites data Tiles for  ***FANSEG*+*«

dimension n(7>O)rcthr(2>O),mdpo15(2)0)
character titt=*80

character nameseg*80

open{0s,prompt =.true,)

continue

write(0.,20)

format ("Do yos want to enter or edit data? O=enter, 1=edit”)

read({,30)itest?

format (v) .

1{(7L95t1)10’+0!18d

continue

write((0,60)

format ("input title™)

read(0,12M it

write(0,65)

format("Data should btegin at the base of the slop2")
write(C,72)

format ("input cvuxa--maximum coefficient of variatioa-~angle’)

read(C,130)cvnxa

write(C,20)

format ("input cvmxc--max. coef. of variation=--curvature')
read(0,14C)cvaxc

write (0,90)

format ("input nmax-~total number of measurements")
read(0,150)nmax

write(0,1C0)

format ("input n, contour interval, measured distance")
dec 110 i=1,nnu3x

read(0,160)n(i)sctour(i)smapcis(i)

continue

format (a0)

format (v)

format (v)

format (v)

format (v)

go to 205

continue

edit mode

38
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190

200

205
210
220

23C

24t
241
250
260

270
23C

290
300
310
32Q

330
340

35¢

write(0,190)

format ("Type file name')

read(0,200)naneseq

format (ag0)
open(7,file=nameseg,form="'formatted',mode=*in')
read(7,120¥titl

read(7,130)cvnxa

read(7,140)cvaxc

read(7,750)nmax
read(7,1600{n(1)sctour(idsmapdis(i)sizl,nmax)
close(7)

continue

write(0,210)

format("do you wish to review the data? O0=no, 1=yes")
read((0,220)1tast?

format (v)

if{itest22205,240,230

continue

write(0,1200t49tt

write(0,130)cvmxa

write (0s140)cvnxc

write(G,1950)nmax

do 240 i=1snmax
write(0,160)nCi)sctour(id)emapdis(i)

continue

write(0e,241)

format("Do yocu wish to change the title? 0O=nos, 1=y2s")
read(0,300)31test3

1f (itest3)243,280,250

write((0,260)

format ("input new title")

read{(0,270)titl

format (a80)

continue

write(0,290)

format ("do you wish to change cvmxa? 0O=nos, 1=yes'")
read(0,300)1testéd

format (v)

if(itestt)280,340,310

continue

write(0,320)cvmxa

format ("Minput new cvnxar old=",17,2)
read((,330)cvnxa

format (v)

continue

write(0,350)

format ("do you want to change cvmxc? O=no,1=yes")
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360

370

380

390

400
410
420
430
440

450
460

470

read(0,360)3t=2st5
format (v)
if(itestS5)340,400,370
continue
write(0,380)cvmxc

format ("input new cvmxzc, old=",f7,2)

read(0,390)cvnxc
format(v)

continue

write(0,410)

format ("do you wish to
read((0,420)itestd
format (v)
1if(itest6)400,46603,430
~continue
write(0,440)mnax

change nmax? 0=nos 1=yes’™)

format ("input new nmax, oldz",f6.1)

read(0,450 nmnax

format (v)

continue

write(0,470)

“format ("do you wish to
read(0,480)Yitest7
format (v)
if(itest7?7)65),540,420
continue

write (0,500

change a tine ¢f data? 0O=no, 1=yes™)

format ("which tine do you want to changes, n=?")

read(0,510)1itest
format (v)

write((,520)n(iitest),ctour(iitest) ,mepdis(iitest)

format ("input nectourr,mapdis,

old values were",i2,2f8.3)

read(0,530)n(iitest)rctour(iitestl)r,mapdis(iitest)

format (v)

qo to 460

continue

write (0+550)

format ("what file nane
read(U,322)naneseg
format (ag0)

continue

do you wish for this data?")

output to segment = naweseg

open(20,file=namneseqg.,
write(20,1200titl
write(20,130)cvmxa
write(20,1743)cvmxc

form=*'formatted',

40
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570

580
500

600

write(20,150)nmax

do S70 i=1,nmax
write(20,163)n(i),ctour (i), ,mapdis(i)
continue

close(20)

write (0,582

format("do you wish to call another file?
read(0,%90)itest20

format (v)

if (itest2d)570,600,10

continue

end
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